A LTHOUGH PROTON PUMP IN-
hibitor (PPI) medications are widely used to reduce the risk of gastrointestinal bleeding in patients receiving clopidogrel bisulfate, results of recent pharmacodynamic studies 1, 2 have indicated that using a PPI with clopidogrel may reduce the efficacy of clopidogrel. In the Omeprazole Clopidogrel Aspirin study, 2 patients undergoing coronary stent placement receiving clopidogrel and aspirin combined with omeprazole had a higher platelet reactivity index value at the end of the 7-day treatment period than did patients taking clopidogrel and aspirin with placebo (51.4% vs 39.8%, PϽ .001). The investigators theorized that the reduced action of clopidogrel may be due to competitive metabolic effects of the PPIs on CYP2C19, one of the isoenzyme determinants of the pharmacodynamic response to clopidogrel. Several retrospective evaluations have been conducted to gain a better understanding of whether the findings from this physiologic study translate to adverse clinical outcomes. A subanalysis of data from the Clopidogrel for Reduction of Events During Observation trial found that clopidogrel therapy reduced adverse events to a similar degree regardless of PPI use. Irrespective of clopidogrel use, patients treated with PPIs had higher baseline risk and worse cardiovascular outcomes than did patients not receiving PPIs. 3 In contrast, retrospective studies [4] [5] [6] [7] have suggested higher rates of acute cardiovascular events in patients taking clopidogrel with PPIs vs patients taking clopidogrel alone. A retrospective cohort study 6 of patients taking clopidogrel who were discharged from Veterans Affairs hospitals with acute coronary syndrome found that periods of use of PPIs were associated with increased risk of death or rehospitaliza-tion for acute coronary syndrome (adjusted hazard ratio [HR], 1.27; 95% confidence interval [CI], 1.10-1.46). These past retrospective analyses were limited by the fact that patients receiving PPIs had a greater number of cardiovascular risk factors and comorbidities compared with patients using clopidogrel alone. Although the results were adjusted for differences in cardiovascular risk factors, this statistical adjustment may not have been adequate to control for unmeasured baseline differences between the 2 treatment groups. In addition, previous studies involved limited patient populations (ie, commercial insurance-only, elderly-only, and Veterans Affairs populations).
To further examine the potential for adverse clinical outcomes with combined clopidogrel and PPI therapy, we conducted a retrospective claims data analysis to measure the rate of rehospitalization in patients treated with clopidogrel and a PPI after coronary stent placement or after myocardial infarction (MI) compared with patients treated with clopidogrel alone. This study differs from previously conducted studies because we used propensity scoring to match patients according to their baseline cardiovascular risk factors in an effort to obtain more comparable patients across treatment groups. In addition, we used a more diverse patient population of commercial and Medicare members of a managed care organization. We hypothesized that patients taking clopidogrel plus a PPI would have a higher risk of rehospitalization for MI or a coronary stent procedure than would patients with similar baseline cardiovascular risk factors taking clopidogrel alone.
METHODS
This was a retrospective cohort study using electronic pharmacy and medical claims from commercial and Medicare members enrolled in a health insurance plan based in the western United States with annual membership of 1.9 to 2.1 million covered lives. The study was reviewed by an external institutional review board (Independent Review Consulting, Inc, Corte Madera, California) and received a determination that the research did not involve human subjects because limited data sets without patient identifiers were used for the analysis.
Patients 18 through 84 years of age were eligible for evaluation if they had filled a prescription for clopidogrel during the identification period ( January ; and Healthcare Common Procedural Coding System codes G0290 and G0291. 10 Patients were also required to be continuously enrolled in the health plan during the 180 days before the index date (preperiod). Patients were excluded from the analysis if during the preperiod they filled a prescription for clopidogrel or had a diagnosis code representing renal disease, renal failure, liver failure, abnormality of secretion of gastrin, gastroesophageal reflux disease, Helicobacter pylori, or gastric, duodenal, peptic, or gastrojejunal ulcer.
Additional criteria were applied to identify 2 study cohorts (clopidogrel alone and clopidogrel plus a PPI) based on patients' PPI prescription fill records during the 90 days before and after the index date. The clopidogrel alone cohort consisted of patients who did not fill a prescription for a PPI during the 90 days before or the 90 days after the index date. Patients were identified for the clopidogrel plus PPI group if they filled a prescription for a PPI with an overlapping day's supply with the index date and they had at least 1 refill of the PPI during the 90 days after the index date.
Patients in the clopidogrel alone cohort were matched 1:1 with patients in the clopidogrel plus PPI cohort using the propensity scoring method. 11 Propensity scoring matching is a method for correcting for potential selection bias by balancing covariates between 2 groups of patients. 12 A propensity score, which represents the likelihood of receiving clopidogrel plus a PPI, was determined for each patient using logistic regression analysis. Patients were matched based on their propensity score. Covariates included in the propensity scoring model were age, sex, health plan type (Medicare vs commercial), geographical state, Charlson comorbidity index score 13 (calculated during the preperiod using the method described by Deyo et al 14 
)
, preperiod hospitalization for a coronary stent procedure, and preperiod hospitalization, emergency department visit, or 2 or more outpatient claims for MI, other ischemic heart disease (including angina, ischemic heart disease, and atherosclerosis), stroke, other cerebrovascular disease, heart failure, hypertension, and diabetes mellitus. Patients without an identified match were excluded from the analysis. Only 8 patients in the clopidogrel plus PPI group were excluded owing to failure to find a match.
Matched patients were followed up from the identification date until the first occurrence of 1 of the following: (1) patient disenrolled from the health plan; (2) patient reached the end of the 360-day follow-up period; (3) patient discontinued clopidogrel use (defined as a gap of Ն30 days past the end of the supply date for the last prescription for clopidogrel); (4) patient in the clopidogrel plus PPI group discontinued PPI therapy (defined as a gap of Ն30 days past the end of the supply date for the last prescription for a PPI); (5) patient in the clopidogrel alone group filled a prescription for a PPI; or (6) patient experienced a rehospitalization event. Two different rehospitalization event definitions were examined: (1) a hospitalization with a primary diagnosis code of acute MI and (2) a hospitalization with a primary diagnosis code of acute MI or a procedure code for coronary stent placement.
A subanalysis was conducted to determine whether there was a differential effect on risk for pantoprazole sodium, the most used PPI in this population. Patients in the clopidogrel plus PPI group who were using pantoprazole on the index date were compared with their matched pairs from the clopidogrel alone group. Patients were followed up until the first occurrence of any of the events included in the main analysis or until a patient in the clopidogrel plus pantoprazole group filled a prescription for a PPI other than pantoprazole.
Means were compared using paired t tests, and percentages were compared using the McNemar test for binary variables and the Bowker test for variables with more than 2 categories. Cox proportional hazards regression analysis stratified on matched pairs was conducted to estimate the relative risk of rehospitalization for patients receiving clopidogrel plus PPI vs patients receiving clopidogrel alone. Separate regression analyses were conducted for the outcome of MI hospitalization and for the outcome of MI or coronary stent procedure hospitalization. Baseline statistically significant differences in demographic and clinical characteristics between the cohorts were adjusted for in the proportional hazards regression analysis. For each regression analysis, the Wald proportionality test was used to verify that the data were consistent with the proportional hazards assumption. All com-parisons were 2-sided and were performed at an ␣ level of .05 to be considered significant. Data extraction and analyses were conducted using a commercial software package (SAS version 9.1; SAS Institute Inc, Cary, North Carolina).
RESULTS
A total of 6008 patients met the criteria for the clopidogrel alone group, and 1041 patients met the criteria for the clopidogrel plus PPI group ( Table 1 ). The C statistic for the propensity score model was 0.61. Only 8 patients (Ͻ1%) in the clopidogrel plus PPI group were eliminated through matching, resulting in 1033 patients in each matched cohort. After eliminating the 4975 clopidogrel alone patients who were not matched with a clopidogrel plus PPI patient, the final clopidogrel alone population had a lower percentage of male patients (55.5% vs 65.5%), a different geographical distribution, and a higher mean Charlson comorbidity index score (2.13 vs 1.90) vs the clopidogrel alone patients identified before matching. The final matched clopidogrel plus PPI and clopidogrel alone cohorts were similar in terms of demographics and preperiod cardiovascular medical history; however, the distribution of the Charlson comorbidity index scores was different between the groups (P=.04), with a higher mean score in the clopidogrel plus PPI group. Mean participant age was 69.1 years, and 56.2% of patients were male.
In the clopidogrel plus PPI cohort, the number (and percentage) of patients using each PPI medication on the index date was 659 (63.8%) for pantoprazole, 159 (15.4%) for rabeprazole sodium, 86 (8.3%) for omeprazole, 83 (8.0%) for lansoprazole, and 46 (4.5%) for esomeprazole magnesium. For the pantoprazole subanalysis, 659 patients receiving clopidogrel plus pantoprazole were compared with their matched pairs receiving clopidogrel alone ( Table 3) . Baseline characteristics were similar for the clopidogrel plus pantoprazole and clopidogrel alone groups except for the groups having a different distribution of geographical state locations (P = .03) and Charlson comorbidity index scores (P=.04). In addition, the clopidogrel plus pantoprazole group had a lower percentage of patients with a preperiod hospitalization for other ischemic heart disease (46.3% vs 52.4%, P=.008) and a higher percentage of patients with a preperiod history of 2 outpatient medical claims for heart failure (7.4% vs 4.6%, P=.02).
Rates of rehospitalization for MI and for MI or a coronary stent procedure were higher for the clopidogrel plus pantoprazole group compared with the clopidogrel alone group ( Table 4) . After adjusting for baseline differences between the clopidogrel plus pantoprazole and clopidogrel alone cohorts, there were not enough rehospitalization events for the outcome of rehospitalization for MI to show a significant difference between the 2 cohorts (adjusted HR, 2.18; 95% CI, 0.88-5.39; P=.09). However, for the outcome of rehospitalization for MI or coronary stent placement, patients receiving clopidogrel plus pantoprazole had a significantly higher risk than did patients receiving clopidogrel alone (adjusted HR, 1.91; 95% CI, 1.19-3.06; P=.008).
COMMENT
In this analysis of a large cohort of commercially insured and Medicare patients in the western United States, patients previously hospitalized for a coronary stent procedure or MI who were treated with clopidogrel plus a PPI had a significantly higher risk of rehospitalization than did patients treated with clopidogrel alone (a 93% higher risk of rehospitalization due to MI alone and a 64% higher risk of rehospitalization due to MI or a coronary stent procedure). Although the findings are consistent with several previous retrospective cohort studies [4] [5] [6] that noted a higher risk of adverse clinical events in patients treated with clopidogrel plus a PPI compared with patients treated with clopidogrel alone, this study adds to the literature because we used a more representative population (including women and patients older than 65 years) and we matched PPI users with patients with similar demographic and cardiovascular risk histories who were not taking a PPI.
With a large percentage (63.8%) of patients using pantoprazole in the clopidogrel plus PPI group, this study contributes additional information because a previously published retrospective cohort study 6 evaluated a population where omeprazole was the predominant PPI used. The finding that patients receiving pantoprazole with clopidogrel had a significantly higher risk of rehospitalization for MI or coronary stent placement than did those receiving clopidogel alone suggests that the potential interaction between PPIs and clopidogrel is not specific to omeprazole. Although these results may seem to contradict a population-based nested case-control study that did not find an association between use of pantoprazole and loss of beneficial effects of clopidogrel, 7 this other study may have had too small of a sample of events (46 cases) among pantoprazole users to detect differences between cases and controls. In addition, because cases and controls were matched for the overall study population, the subpopulation of pantoprazole users was not necessarily equally matched with controls.
The present findings regarding pantoprazole also raise questions about the potential mechanism of a drugdrug interaction between PPIs and clopidogrel. Laboratory studies have suggested that pantoprazole may have less potential to interact with clopidogrel than do other PPIs. A study 15 evaluating the inhibitory effects of PPIs on cytochrome P450 activity found that pantoprazole has lower inhibition potency on CYP2C19 than do lansoprazole, omeprazole, and esomeprazole. Furthermore, a Abbreviations: CI, confidence interval; HR, hazard ratio. a Adjusted for Charlson comorbidity index score, geographical state, preperiod hospitalization for other ischemic heart disease, and preperiod history of 2 outpatient medical claims for heart failure. mechanistic study measuring the platelet reactivity index for patients taking clopidogrel with pantoprazole, esomeprazole, or no PPI found that use of pantoprazole or esomeprazole was not associated with impaired response to clopidogrel. 16 Because the pantoprazole results from this clinical outcomes study differ from previous laboratory and mechanistic study results, additional research is necessary to evaluate the potential mechanism of the PPI-clopidogrel interaction and the specific effects of individual PPI medications on the efficacy of clopidogrel.
As support for a potential drug-drug interaction between PPIs and clopidogrel emerges, so does the question of which types of patients may benefit or have risks from adding PPI therapy when they are receiving clopidogrel. The Society for Cardiovascular Angiography and Interventions recently issued a statement recommending that health care providers who are treating patients with dual antiplatelet therapy after coronary stent placement consider prescribing a histaminergic blocker or antacids instead of a PPI. 17 Furthermore, the European Medicines Evaluations Agency (EMEA) has recommended that the product information for clopidogrel-containing medicines be amended to discourage concomitant use of PPIs and clopidogrel-containing medicines unless absolutely necessary. According to the EMEA, further information is needed regarding the inhibition of clopidogrel metabolism by other medicines and the implications of genetic variation (eg, poor metabolizers of CYP2C19) in the ability to fully convert clopidogrel to its active form, regardless of interactions with other medicines. 18 Although recent recommendations from the Society for Cardiovascular Angiography and Interventions and the EMEA discourage the concomitant use of PPIs with clopidogrel, there is limited research evaluating gastrointestinal outcomes associated with not prescribing a PPI or switching patients who are receiving clopidogrel after coronary stent placement to a histaminergic blocker or antacids instead of a PPI. We conducted a post hoc analysis to better understand the risk of gastrointestinal bleeding in this study. Although we had excluded patients with previous claims history of gastrointestinal bleeding or reflux disease from the study cohorts, patients receiving clopidogrel plus PPIs had a higher risk of hospitalization for gastrointestinal bleeding than did patients receiving clopidogrel alone (8.1 vs 1.5 events per 100 person-years; adjusted HR, 9.78; 95% CI, 2.51-38.10; P=.001). This finding likely reflects the fact that patients at higher risk for gastrointestinal bleeding are prescribed PPIs. Limitations in the database (eg, unable to account for the use of aspirin or nonprescription nonsteroidal anti-inflammatory medications) prevent us from evaluating the differential effect of PPI use on gastrointestinal bleeding in this cohort of persons matched on cardiovascular risk factors.
With the results of this study and other recent studies noting possible reduced efficacy of clopidogrel when used concomitantly with PPIs, the recommendations from the Society for Cardiovascular Angiography and Interventions and the EMEA to discourage concomitant use of PPIs and clopidogrel unless absolutely necessary seem prudent. However, until more research is conducted on cardiovascular and gastrointestinal outcomes for different patient subpopulations (eg, individuals with a high risk or a history of gastrointestinal bleeding, poor metabolizers of CYP2C19), individual patient characteristics will also need to be considered to determine whether potential benefits of PPIs in preventing gastrointestinal bleeding in patients receiving antiplatelet therapy outweigh the risks of a potentially reduced effect of clopidogrel.
There were several potential limitations to this analysis. Although we matched patients in each group on potential cardiovascular risk factors in the electronic claims database, information on important cardiovascular risk factors, such as race/ethnicity, family history of MI, obesity, and smoking status, were not evaluated. Furthermore, matching may not have accounted for additional unobservable factors that may have influenced physician prescribing of a PPI medication. Because insurance claims databases do not contain reliable death information, cardiovascular deaths were not assessed, and the results probably underestimate the rate of occurrence of MI.
Because aspirin is not billed through the pharmacy claims system, it was not possible to control for aspirin use between the 2 study groups. The effect of unknown use of aspirin could bias the findings because higherrisk patients treated with aspirin plus clopidogrel may be more likely to be treated with a PPI than were patients treated with clopidogrel alone. On the other hand, patients receiving both aspirin and clopidogrel would be expected to have a lower rate of events than would patients receiving only clopidogrel, which would bias the results toward a lower risk of events in patients taking PPIs. However, it is likely that most patients evaluated in this study would have been treated with dual antiplatelet therapy because the combination of clopidogrel and aspirin is recommended treatment after a coronary stent procedure or MI.
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Because we could not account for nonprescription use of PPI medications, it is possible that some patients in the clopidogrel alone group received nonprescription PPIs. However, the use of over-thecounter PPIs in the clopidogrel alone group would not be expected to alter the overall study conclusions because this potential bias is toward the null (ie, likely to be more conservative).
Type of coronary stent placement is another factor that could affect the study outcomes. Because recent studies have reported higher numbers of late-stent thrombosis with drug-eluting stents compared with bare-metal stents, 22 we conducted a post hoc analysis to measure whether the cohorts in this analysis were balanced in terms of proportion of patients with a drug-eluting stent. During the 30 days before the first prescription fill of clopidogrel, the percentage of patients with a hospitalization with a procedure code for a drug-eluting stent was similar for patients receiving clopidogrel alone vs patients receiving clopidogrel plus a PPI (70.9% vs 72.4%, P=.40, for the main analysis; and 69.5% vs 71.8%, P =.33, for the pantoprazole subanalysis). These findings should alleviate concerns about potential differences in type of stent between the 2 groups.
To ensure that patients were exposed to clopidogrel at the time of the study, we started following up patients from their first known exposure to clopidogrel (ie, first outpatient prescription for clopidogrel after a coronary stent procedure or MI). However, because patients likely start clopidogrel therapy when they are in the hospital recovering from their initial event, we cannot rule out the possibility that there were different MI or revascularization rates for the clopidogrel alone and clopidogrel plus PPI groups before the first clopidogrel outpatient prescription.
Because of these limitations and other limitations inherent to retrospective claims analyses (eg, confounding bias, incomplete claims, and errors in diagnosis coding), further evaluation through prospective, randomized, controlled clinical trials is necessary to be able to make definite conclusions regarding the causality of increased adverse clinical outcomes using clopidogrel with a PPI. Pragmatic trials may be one lower-cost way to address this important clinical issue. Furthermore, laboratory analyses of biochemical interactions of these drugs may result in a better understanding of their effect on clinical care.
In conclusion, this study provides additional information supporting a potentially higher risk of adverse clinical outcomes in patients receiving clopidogrel with a PPI. These findings highlight the need for additional prospective randomized clinical studies to further evaluate clinical outcomes associated with a potential drug-drug interaction between clopidogrel and PPIs.
